About 150 knots found sick or dead had distention of serosal blood vessels, and small, raised hemorrhagic foci on the serosal surface of the jejunum and ileum. The principal finding was endaortitis with large intimal multinucleated cysts that contained a protozoan parasite within a cytoplasmic vacuole. There was endarteritis of mesenteric arteries and muscular arteries of the external layers of the intestinal tract. Single or multiple schizont-like stages containing zoites were in the wall of the small intestine and close to affected muscular arteries. The more usual intestinal lesion was an aneurysm of the inflamed muscular artery. It was concluded that endarteritis led to colonic infarction. Schizonts in medullary renal tubular cells were smaller than stages in the intestine. There was necrosis of epithelial cells of the medullary collecting ducts and inflammatory and regenerative changes. Schizonts and zoites were free in collecting ducts and ureters.
The knot (Calidris canutus) is a shore bird and is a member of the family Scolopacidae which includes woodcock, snipe and sandpipers. It breeds in scattered localities among the arctic islands of Siberia, Alaska and Canada as well as Greenland. In the Americas it winters along the Atlantic and Pacific coasts from Massachusetts and California down to southern South America. These birds concentrate in large flocks along seashores in the winter and during the migratory season. In the winter months, knots inhabit intertidal zones, especially saltwater flats and shorelines. They feed on insects, small mollusks, crustaceans and worms [21 ] .
Field Observations
During a 3-day period in December 1973, about 150 knots (group A) were found sick or dead on a beach near John's Pass, St. Petersburg, Fla. The birds were from a flock estimated at 600-700 birds. The sick birds were unable to fly; some could not walk or stand. Birds had green-white feces which matted the feathers and occluded the cloaca. Before they died, the birds had jerking head movements, convulsions and labored or rapid breathing.
Eleven months later 25-30 diseased knots (group B) were found on the same beach. Clinical signs were similar to those seen in birds found the previous year.
Materials and Methods
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Most of the birds presented for necropsy were alive. A few were moribund and were lying down, but most were able to walk and seemed alert. None of the birds attempted to fly, but their wings were not paralyzed. Thirteen diseased birds from 1973 (group A) and from 1974 (group B) were taken to the University of Florida. Ten birds were necropsied and gross findings recorded. Tissue slices from brain, pancreas, liver, kidney, intestine, ventriculus, proventriculus, brachial plexus, heart and thoracic vessels and breast muscle were processed for light microscopic examination. Sections were stained with hematoxylin and eosin (HE), Giemsa, methenamine silver, Feulgen and periodic acid-Schiff (PAS) [15] .
The intestine, liver, spleen and lung of two affected birds each from group A and group B were cultured for pathogenic bacteria. Birds were tested for clostridial toxins by inoculating heated and unheated serum into mice. In addition, mouse protection tests with Clostridium botulinum type C antitoxin were done according to described procedures [22] . The contents ofthe small intestines of two birds were each suspended in about 5 milliliters of distilled water. The suspensions were centrifuged at 1000 ref, and the supernatant filtered through 0.45 micrometers Millipore® filters. Two mice were inoculated intraperitoneally with 0.5 milliliter of heated (100 0 C) and two with unheated washings from each knot.
Samples of muscle, brain, liver and intestine of two birds from group A and from four birds of group B were tested for chlorinated hydrocarbons, organophosphate pesticides and polychlorinated biphenyls [24] . Organophosphates were analyzed by flame photometric gas chromatography of petroleum ether extracts.
Parasitologic examination of group A birds included an analysis of all organs for helminth parasites [13] . In addition, the feces of four birds were examined for parasites ova by the hyperomostic flotation method; cloacal scrapings from six birds were examined. Giemsa-stained impression smears of heart, lung, liver, spleen and intestine of four birds were examined.
A 25 percent suspension of the heart with vessels and a suspension of the small intestine with contents were prepared in McCoy's SA medium containing 10 percent fetal calf serum, 100 units of penicillin and 100 micrograms of streptomycin. The above tissues were taken from a bird in group A that had died spontaneously and had been frozen. Three milliliters of each suspension was given orally to a 2-week-old turkey poult. Similarly, a 25 percent suspension of pooled tissues from heart, blood vessels, breast muscle and lung was made from a group B bird, with typical disease signs, that had been killed.
Five-tenths milliliter of group B tissue suspension was given orally to two 3-day-old Rhode Island Red chicks, and 0.05 milliliter was inoculated intracerebrally into two chicks. Two chicks received 0.5 milliliter whole blood intraperitoneally. Two adult mice were given 0.5 milliliter tissue suspension by stomach tube and six neonatal mice were given 0.02 milliliter tissue suspension intracerebrally. Control animals were either inoculated only with the suspension medium or were uninoculated. Selected animals were killed either the first or second week after inoculation; a few were observed for as long as 3 weeks. At necropsy sections of brain, liver, lung, heart, kidney, marrow, spleen, small intestine and aorta were taken to be processed for light microscopy. Blood smears and impression snears were stained with Giemsa.
Results
At necropsy, except for slight atrophy of breast muscles, significant gross changes were limited to the gastrointestinal tract. The anus was plugged with dried white feces. The colon was distended with white semisolid fecal material, and the colonic and cloacal mucosa were hemorrhagic. The serosal surface of the jejunum and ileum was dark blue. In some birds, serosal blood vessels along the small intestine were distended, and there were numerous small, raised hemorrhagic foci. In others, the small hemorrhagic foci were deep within the intestinal wall, and blood vessels were not as prominent ( fig. 1 ). Occasionally, ureters contained material resembling urates. The principal microscopic finding was severe endarteritis. The thoracic aorta had many large multinucleated cells (up to 160 micrometers long) that lined the intimal surface and formed a palisade ( fig. 2 ). Shapes of the multinucleated cells varied; many were cylindrical with a teardrop-shaped free surface and were attached to the intimal surface by a broad interdigitating base ( fig. 2, 3 ). The surface of the multinucleated cells had finger-like projections, and the cells had an intensely PASpositive wall like that of a cyst. The multinucleated cysts had several oblong nuclei of uniform size; some had an additional large nucleus. They also contained one and sometimes two cytoplasmic vacuoles near the luminal surface of the cylindrical cells. The vacuole had a single parasite that stained with hematoxylin, but not with Feulgen as was the DNA of the host cell nuclei. In some sections the parasite contained numerous small vacuoles and was surrounded by eosinophilic material. Several small PAS-positive granules were within the parasite ( fig. 4 ). The tunica intima of the aorta was thickened by infiltration or proliferation of cells with oval or oblong nuclei. This caused the intimal surface to be thrown into folds and to extend into the lumen on short, broad-based villi ( fig. 2, 3 ). Although endarteritis was more pronounced and there were more multinucleated cysts in the thoracic aorta, similar changes were seen in the abdominal aorta, atria of the heart, coronary arteries and arteries of the breast muscle.
A severe vasculitis of a somewhat similar nature also was noted in the abdominal splanchnic arteries. This was particularly evident in the mesenteric arteries and in the muscular arteries of the small and large intestine. The intimal reaction was similar to that seen in the aorta, but intimal multinucleated cysts usually were not seen within the lumina of abdominal visceral arteries. The reaction was so severe in some vessels that the lumen was greatly reduced. There also was marked hypertrophy of the tunica muscularis, and frequently there was a surrounding mononuclear inflammatory reaction. In the wall of the small intestine, structures resembling giant schizonts were common. These were seen within the external muscle layers of the small intestine and close to affected muscular arteries ( fig. 5, 6 ). Single or multiple schizont-like structures were seen within an inflammatory focus or a small blood-filled cavity. Protozoa were round, oval or curved and contained numerous basophilic zoites surrounded by a thin rim of cytoplasm or a hyalin envelope ( fig.  6 ). The envelope of the intestinal protozoa was not argyrophilic and was not stained with PAS. A large multinucleated cyst, somewhat similar to those seen in the aorta, was found sometimes in a vessel or free within the interstitial tissue ( fig.  7) . The unicellular parasite within the vacuole was larger than those found in multinucleated cysts of the aorta. Since the protozoan stages in the small intestine were associated with an inflammatory response, it was difficult to determine if they developed within the blood vessel lumen . When multiple sections were made of the same lesion, the blood-filled cavity was seen to be an aneurysm of the inflamed muscular artery ( fig. 8 ). The microaneurysm was lined by a broad hyalin zone, probably fibrin, and was connected to the vascular wall ( fig. 8 ). The lesion often was surrounded by a halo of epitheliod cells and lymphocytes.
Sections of colon and cloaca had a different morphologic pattern. The vascular reaction was similar to that in the small intestine but no protozoa were seen. Vasculitis was associated with a more prominent acute inflammatory reaction, and sometimes there was necrosis of the wall of the mesenteric arteries. The wall of the colon was inflamed. Acute and chronic inflammation of the external muscle layer was accompanied by serosal exudate, fluid-filled lymphatics, necrosis of smooth muscle and fibrin thrombi in small vessels. There was perivascular and submucosal hemorrhage, and frequently, total infarction of the large bowel.
Kidneys of all the examined birds showed similar tubular lesions. Eosinophilic precipitates were in the tubular lumina of the medullary cones. The medullary collecting ducts were greatly dilated, and there was necrosis and regeneration of the Microaneurysm (a) with multiple protozoan organisms (cf fig. 9 ). HE. different from similar structures in the small intestine ( fig. 6 ). The tubular schizonts were round to oval, about 18 micrometers in diameter and contained large zoites. Both schizonts and zoites were found free in the lumina of the medullary collecting duct and could be seen free within the ureter ( fig. 12 ). Blood taken from the 11 birds of group B was dark and the packed-cell volume was from 45 to 65. Parasites were not seen in blood smears.
Aerobic and anaerobic cultures of the liver of two typically affected birds had no bacterial growth. Cultures of contents from the large and small intestines showed only Escherichia coli, other coliforms, and a Proteus from one bird. No evidence of clostridial toxins or other toxins were found in the sera of the affected knots, and toxins were not demonstrated in intestinal washings.
Analysis of the tissue pesticide residues did not show organophosphates, and only trace amounts (less than 1 microgram per gram) of dichlorodiphenylethane (D DE), dichlorodiphenyldichloroethane (D D D), dichlorodiphenyltrichloroethane (DDT), dieldrin and polychlorinated biphenyls were found.
A few flukes and nematodes of several species were found in the intestinal tracts Woodard et at 
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(3-17 parasites per bird); helminths were not found in other organs. Biting lice were seen on several birds. Parasites, ova or oocysts were not seen in feces, cloacal smears or blood smears. Multinucleated cysts were seen only in impression smears of the heart vessels. None of the turkey poults, chicks or mice given tissue suspensions or inoculated with whole blood had signs of illness. Gross or microscopic lesions were not found in inoculated animals, and protozoan parasites could not be demonstrated in tissue smears.
Discussion
The epizootic in the knots most likely was caused by the protozoan parasites seen in the tissues. Histologic lesions in the two groups were similar, and no other possible cause was found. The major contributing cause of death was considered to be infarction of the colon secondary to severe vasculitis. Birds that were killed but that had not developed total colonic infarction had vasculitis, submucosal hemorrhage, inflammation and interstitial hemorrhage of the external colonic layers and a normal mucosal surface.
Although it is possible these birds were infected by several species of protozoa, it is more likely that the three protozoan forms (unicellular organisms within aortic multinucleated cysts, schizont-like stages within microaneurysms of the small intestine, and schizonts within renal tubular cells) were all part of the same disease. The three protozoan forms were not identified in all birds, but the associated lesions of endaortitis, vasculitis of intestinal muscular arteries, and change of renal medullary collecting tubules were seen in all birds. When many organisms were found in one site, they tended to be numerous in other sites. It was difficult to define the precise relationship between the various developmental stages in the tissues, but structures that could be intermediate stages between unicellular forms within aortic multinucleated cysts and the schizont-like forms within aneurysms of visceral arteries were recognized. The relationship between the renal schizonts and the vascular forms are more difficult to reconcile. There could be dual protozoan infection, or organisms could be in different stages in the life cycle of a single protozoan species. Renal forms, therefore, could be second generation schizonts, or they may have been stages in the development of renal coccidiosis. Oocysts usually seen in renal coccidiosis [20, 26] could not be identified in tissue sections, smears of the kidney and cloaca, or flotations of feces thus favoring the probability that there was infection with a single protozoan species. Classification of the parasite as a sporozoan is reasonable, although further subclassification is difficult because no description of an organism with the same histologic features was found in the literature. Leucocytozoon simondi causes disease in ducks and L. smithi causes disease in turkeys [3, 8, 9, 18 ]. An aberrant form of leucocytozoon infection has been noted in parakeets [2, 25] . The histology of infection and description of tissue stages have been made in turkeys [18, 23] and in ducks [4, 19] . Megaloschizonts of L. simondi differed from the schizont-like forms within aneurysms of the intestinal wall. Cytomeres or separation of zoites into islands, characteristics of leucocytozoon megaloschizonts, were not seen, and megaloschizonts had a different shape and distribution. Renal schizonts were reported in birds infected with L. dubreuili or L. fringillinarum [12] . Asexual multiplication of L. simondi takes place in the vertebrate host and sexual reproduction occurs in certain species of blackflies (Simulium) [3] . The number of gametocytes varies in the blood of ducks. Although gametocytes were not found in the blood with aberrant leucocytozoon infection of parakeets, numerous zoites were seen in smears of heart blood [2] . Neither of these parasite forms was found in blood smears taken from knots.
Besonitia cysts have been seen in the cardiovascular system of wild antelopes and domestic cattle in Africa [17] , but multinucleated cysts in aortas of knots differed from typical besnoitia cysts in that they were smaller, did not contain multiple zoites, and had an ill-defined wall. The schizont-like forms in the wall of the small intestine of the birds were also different from Besnoitia in that they were not surrounded by a thick, PAS-positive cyst wall. Although the wall of protozoan cysts is of host origin and thus an undependable characteristic [5] , certain differences between developmental stages in intestines of knots and Besnoitia should be noted.
The cyst wall of Besnoitia encloses the entire host cell, including nuclei; the wall is variably thick and is PAS-positive except when very young. In contrast, the intestinal schizont-like stage in the knot had a limiting envelope that excluded the nuclei, was thin, and failed to stain with PAS.
Other protozoa with tissue stages somewhat similar to those seen in knots are Sarcocystis and Frankelia. With Sarcocystis, schizonts are seen in endothelial cells [10] , but cysts are only in muscle cells. The cysts may be subdivided by septa, or the wall may be fairly thick with irregular lamellations or radiating spines [5, 11] . Frenkelia form large compartmented, thin-walled cysts in the brain and also give rise to hypertrophied host cell nuclei. Cysts are lobate in some animal species and spherical.in others [5] . Parasites were not in the brains or muscle cells of knots.
The multinucleated cysts within the aorta probably were parasitized endothelial cells. Cells parasitized by unicellular stages became enlarged, had nuclear hypertrophy, and had a PAS-positive cell surface (cyst wall). This type of host-parasite relationship has been referred to as xenom [6] . Protozoan infection of endothelial cells probably is not as uncommon as one might suspect. Intermediate stages in the life cycle of Sarcocystis have been shown to develop within endothelial cells [10] , and Besnoitia in antelopes is almost exclusively confined to the intimal surface of the vascular system [17] . A besnoitia-like organism, called Ileocystis by some, infects the intestinal wall of certain Australian marsupials [1, 7] . The cyst stages are found in the lamina propria and submucosa rather than within intestinal epithelial cells. Rows of cysts within intestinal villi seem to be in vascular channels (lacteals). Cysts of Besnoitia jellisoni can infect the intimal surface of the atria and large arteries. Large numbers of cysts also develop within the intestinal submucosa, a distribution similar to that found in marsupials with besnoitia-like organisms.
Attempts to transmit the disease of knots experimentally to turkey poults, chicks and mice were unsuccessful and, therefore, did not aid in classifying the organism. It has been shown that certain protozoa, such as Toxoplasma and Besnoitia can be transmitted, whereas Sarcocysts and Frenkelia cannot be transmitted by subinoculation [5] . Tissue phases of Toxoplasma induce acute infection when given parenterally. Toxoplasma cysts are resistant to digestion, and cause infection of mice when taken by mouth. Although the injection of sarcocystis-infected muscle does not transmit infection, feeding cysts to certain animal species may lead to shedding of sporulated sporocysts. Histologic examination of tissues from experiment animals that were given infected knot tissues did not show evidence of either an enteroepithelial or extraintestinal infection.
It is likely that the organism in the tissues of the knots were coccidia in the suborder Eimeriorina [14] . Because intracellular organisms were not seen in blood, the disease was not caused by Hemosporidia unless there was aberrant infection. Coccidia differ somewhat from other protozoa because they have a higher degree of specificity, are limited in range of host species and have an affinity for certain organ systems and specific types of host cells [16] . The organisms affecting the knots, therefore, are probably a newly recognized species.
